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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride 
semiconductor element whose operation voltage can 
be reduced by reducing contact resistance with 
electrodes, and its manufacturing method. 
SOLUTION: In a semiconductor laser element 100, a 
buffer layer 2, an undoped GaN layer 3, an N-GaN 
contact layer 4, an N-InGaN crack preventing layer 5, 
an N-AIGaN clad layer 6, an MQW light emitting layer 
7, a P-AIGaN clad layer 8, and a P-GaN contact layer 
9 are laminated in order on a (0001) face of a sapphire 
substrate 1 . A ridge is formed on the P-GaN contact 
layer 9 and the P-AIGaN clad layer 8, and unevenness 
is formed on the upper surface of the ridge. 
Unevenness is formed on the surface, of a prescribed 
region of the N-GaN contact layer 4 which is exposed by etching. A P-electrode 1 0 
and an N-electrode 1 1 are formed on the N-GaN contact layer 4 wherein 
unevenness is formed. 
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fi*|ftlt¥ff*:*|nItr<0I/*«*O^ F 7< 7°«©MP 

[0 0 5 7] ±tB©/^->^^!c$n^VX 
^SfflUT, R I Eft-^R I BEftfCiD. -?7,7©M 
Pg&rtTSitiSLfc'J y vgB©p-G aNn>^^ FH9 



t*©&> v7.7£i&£-f£. 

[0 0 5 8] JW±©«fc5KLT. 0 2 (c) (C^Tcfc^ 
(I, U7y?lf©p-GaN3>37yH9ffliI(;, ¥ 

[0 0 5 9] 3 p-GaN3>5'yM90gf 

ciaia»tt*»ijii-r*±8a©»^4:ratt©*j*c«kr), 

n-GaN3>?? hl4fl)ntfiMI«2 0©F9r£ 
ffitt$iBfI. ¥3*#]y— tf^T©*«S§fi*[fi)t¥fT^ 

[0060] zwrn-sizteiizmehBtfiommt 
«. 1 o©iH]^©*a<h. ^nci»»-r-5H-*©fl«©« 

<h £ afe foitfcfil© c t t-$> -5. 

[0 0 6 1 ] ^CT\ ±f2H*5^T«» p-GaNn> 

w ym§v>m&\z^&&tt&^*wfc\std&.\zn- 

GaNU>^7 Hli4©«BH|HI«*J;^ia«*»(SL. 
Tt^-2>^\ n-GaNH^i'y h Jl 4 ©SffiKDSgB* J; 
tfi3»£JBjSUfc«fc:p-G aNay^y FB9©«ffl 

[0 0 6 2] ±ta©=k^(CLTp-GaNr3>^^ FB 

9i5<£tfn-G aNn>^i7 h§4(DSIl:HM% 
WflLVtzfe. 0 2 (d) 3 fc. Us/S^aSOMfil 

S. p-AIGaN^7yH18CDia»±B, p-A 

IGaNy77H18^6n-GaN3y7yM4$ 
T©ffijffi. fif.W;nltMI«2 0^<n-Ga 
NXJ>^i7 FJ14©±B(C, Si0 2 f/l^ft»I 

1 2£JgJ*f 5. 

[0 0 6 3] Zt>\Z. 03 (e) (C^Tct^t^ p-G 

3=fc3tCN i Hfect^AuK4|lHiC««UTp«ffil 0 

[0 0 6 4] 0 3 (f) \Z7f:T&olZ. n-Ga 

Nr:>^7 h 1 4 © n Wlffi^Jcil^ 2 0 ©Sffi©IHSRft 
*5J;tfi&»±£ttfi-r*<fc5l;:A 1 8i*5j;tKT i R£M 

[0 0 6 5] a±©i^l;LT, *»ffW-U»f 1 0 

•tf*^ 1 0 0 t;i5^T«, mmmthMVt&G-fz p - 

GaN3>^ h«9±(Cp*ffil WSSnw 
Z\(DtzSb, ^fi^gi^tSp-G a Nn>^^ 

0ip-GaN3>^i7 H9ifflg»B«^?<S 
-So LfcAbT, d©J;5^¥##:ly— tf#^ 1 0 0 tc 
iSt^Tte, p-GaN3>^y M9tpiSl 0tO 

^S:i«<t" Sdt^HI8Tife-5p-GaNa>^i7 hjg 
[0 0 6 6] ^@#U— it'^l 0 0 (Cfe^T 
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its «ffi#Hi&»tt«:#-r-6n-G aN3/?? hl4 

±cn*«i i*«»j*$n*. 

•^(Clt^T, niilltn-GaNn>^?M4t 

tfSS^l 0 OK^ViTtt. n-GaNn>^i7h 
I4tnfll 1 tO»»«ROfi»{b3J«06n, nt 

[0 0 6 7] £Lk©«fc5K, ±BO*«#l/-!J* : fl 
0 OK^WTtt, p-GaNa>^^M9^3j;i;n- 

G a Na y% 9 MI4 0*fflfKiHia»**»j*-r*c:fc 
HAD, pSffil O&itfnWIl 1 £©85tt«tS£fi 

[0 0 6 8] Ufc*»t>T, *MW*U— <J**^1 0 Ofc* 

mtteZ. Z\<Dtctt>. JtotfJK fr?AM1£©ffiV>*MI 

[0 0 6 9] HilT, fiflElz-iftf lOOCDp-G 
a Na >^ i7 M 9 t«t l>ltfflX h 7-T ^ttOIH] 
BM3 «fc fiiffl5©B«! a ttjBt~»+ » m <hT 4 ' £ t)W £ 

[0070] wB&&&au<DmMaWfr\* 

^Bi'pill 0tp-GaN3>?? H9 £©|g/te 

a © /In $ fc D3 Q fl^tt £ X y > ^ ( ' «fc 9 fiJt T 4 £ £ 
H*T»«. IfdbT, lHSM3J:tfiig|$©/l5»a£± 

H0tp-GaN3>^^ hJf 9 <h©«l»Wi©lf *0 

[0 0 7 1 ] £fc> p-G aN3>^^ h«9^ffi©7. 
h7-f 7&<DWaM#.\Z&V2>Wffi<Dm2 bit. 3&+~ 

p-GaN3>;?;7 NJl9©/f $tctfc#l,T:fe9, p- 
GaN3>?^ hJi9 0|Hl8BT©fi#©JP;£ t j #5 0 
n mHliftii 5 CIHas©«S;5 b £I3:5£T£ C 

[0 0 7 2 ] Sit. ±ffi(C*liT«. p-GaN3>^ 
t> Mi9©*ffifc»j«3n*IHIffl5*«fc^Ci«©S*«S^ 

[0 0 7 3] — V— ^M=F lOOffln-Ga 
i5«fctfi!iffl5©JSI»i c tt»~»+jum£"fS b 

[0 0 7 4] £©*£. |ffl«fc«fctfOW©HJI8ca«/h;£ 
^gfnfll ltn-GaN3>^?hl4tOfti 
< ftSfcfcif * V ±fe©IBH «t 9 fflffl 
c © /Jn 3 ft Pfl O 1* * x y ^ > i/ [ c «k 9 P fife f 4 Z. £ it 



m<Dmmizmj£?2>Z\£\z£.<0, x-y?->i/(cj;D«a 

mi 1 in-G aN3>^i7 M4 <h©tt«ffiffi©ii» 

[0 0 7 5] Sfc, n-GaNa>*£ Mf4*®<OP3 

5:i*«tU>. ft*5, |M]gB©jf£d«n-GaN3 
>92 Ml4©/S$(;:tfc#tT;fc9. n-GaNn>^ 
* h®4©|H]g|5T©iS«©/?$ t 2 **2 /(mEU;ta§ 
<fc O fc|!D«©iBS d S«tt5 d t*«)fil/K 
[0 0 7 6] ±IB(Ct5HTtt, n-GaNH/^ 

[0 0 7 7] ±feofi#l/-U : $f 1 0 OKfc^T, 

p-Gaism>^i7 H^9©*ffltc^$n-5paa^ 

©H»|a#J;tflHlB©«S«ib<!:. n-GaNa>^?h 

14 comffiizmtznzwamvKDmm c *5«t«iH«© 

[0 0 7 8] p-GaN3>^!>M9l5j;Otn 
-GaN3>^ M4©SIt:M3n5Xh7-f^ 

[0 0 7 9] 3=fc, ±iaiC*SHTfi, p-GaNH>^ 
i7 M9fect(^n-GaN3>3'? hi4 0ill:7 h 

GaN=l>?t> bm 4 (DmmiZT, h^l" ^©BflBMSJ: 

[0 0 8 0] St. ±BCD**fl:l/— tf JtS^p 1 0 OiZH 
^Xit, p-GaNn>^?M9*J;0;n-GaN3 

ZteZWthBVi£mt?&®&iZ^^Tm.WVtcrf, ZL 

ne>©H9, 4©affitca>*©»tt*wrsia«*fcj4 
ai$zftmmm-fz>z.t\zj:r)z.nt><Dm9, 4©*m 

fclHCi»«*»J«UT*>«J:l». 
[0 0 8 1 ] 3 ±f2©^*# tf *T 10011 
*5^T«. p-GaN3>^?H9t3J:0!n-GaN 
3>^i7 h«4©3SiBfcCflia»«S:}g|fS"r*«^l:t3t» 
TmWLlZtf, p-GaN3>?^hi9©SBff)*l: 

pafl»tts»j*UTt>.kv». -©*^. piliotp 
«>. i o o©»fp«jEo««{t*H* 

[0 0 8 2] n-GaN3>^?M4©g 

ntil 1 £n-G aN3>?? M4t0SiI 
S*«tt«Sn5ft6. 9**^1 0 0©i6fp« 
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[0 0 8 3] ±mz&^T\$. n-GaNj)>5S 

*», MQWfE3tJi7^©3tt©EBi;ii»6*aa*Wf-fT'3fc 
fed, Al Wl~2%©n-AIGaN^bI)jt^ 
n*n-AlGaNa>*2? Mi*»j« UTfc«fc^. 
[0 0 8 4] JICIT, Al^tfn-AlGaN3>^ 
? n-GaNa^^ HJUCjt^T^UTit 

Iffl^l^HTttn-AIGaNn^^MCD 

a®Kpaia»tt^»j*snsfci&, a i &^T*^tfe 
ft&mmmzfioz: t^mu^mw u-^m^mm 

[0 0 8 5] ±fBCiH>TH p-G aN3>^;7 bJl 
9i3it>*n-G aN3>^i7 h JI 4 ©*ffiK¥«ftl-— 

-So 

[0 0 8 6] 1411 *%W\Z%2>¥m&V— *?M=f-<D 

m<Dm^-rm^.mtmmm-c&^>. 04 (a) 
m&^fatmw.ttfaiziottz^mibi'— tf^©»fB 

fc^LT^S. 04 (b) H 04 (a) ©A- 

[0 0 8 7] 04 iZTji-f V—VUrf- 10111 

To&zm^T. 03 (f) <D^m^u— tf^i o o 
tisni©«i3i**-r5.. 

[0 0 8 8] U— if*^ 10111 *tgg§fi:£ft 

©X h 7-f ^ttOPDW* «fc^oap*<»*$nfc P - G a 
N3>*£ H19 0 &*rr*. ?tLt>%, ^m&i'— if 
1 0 1 t¥f #l/-tfff 1 0 0 tTtt, p-Ga 
Nn>^ M90 l;M$ns^ H5-f ^©IHISB*5 

[0 0 8 9 ] io t fc5ft¥i#l/-!fif 10 11:*^ 
TH p-GaN3>^^ hB9 0*3<fctfn-GaNa 
>^^hS4©aa(CE]0 J^fig $ *IT l » -5 tztb , 
*«#U-1filSf lOOtH*. ptllOip-Ga 
N3>**hJI9 0£©&tt««i. Wtfnilllt 
n-GaN3>^^M4t<»iMfitt^lTiff 

[0 0 9 0] Lfci^t, tfSf 1 0 1 KiS 



[0 0 9 1 ] d^T, 4#tC> ^©ia-SiC&lsTte. p- 
GaNa>^ h« 9 0©«®t»«anfclHia»tt*« 

■9**^1 0 IB, lsl0Tte^£W-r5#*'J§)ig , J (Distri 
buted Feedback ; DFB) V— tf^teffiST^. 
[0 0 9 2] T&fe*;, ±ia©¥iW#:U--9 s 3fHPl 0 1 
K&t^TH p-GaN3>?? hJf9 0©gfflH, & 

», mqw^i7 \z&tt%mmmmmmz&itLT 

[0 0 9 3] Mill p-GaNn>37/7 h^9 0 1C43 
H-5lHlifi^«©^ffie^0. 2 4 6(imT$0, MQW 
JBTtJB 7 2 . 5T&<9, Iz-lfjeoaiM 

#0. 4 1 ym1?Jb5¥iftl/-y ! i ; f 1 0 1 IC^MT 
tt, MQWf!3t«7T5S*U«:3tt««3*©|iI«Ti:ttO. 

T, :coip4f l#|/-1f$f 1 0 1 l:*5^TH « 

0. 4 1 um©l/-it'7t^LTlfi$tl)uiM 
fetter, LttfoT. i|iJ)M(sU— «f«?l 0 

[0 0 9 4] ifc, p-GaN3>^^M90fflSI 

D*?ioic*t>Tt4, wamvi<7)mme$:Mm-?z> 

[0 0 9 5] &i5, p-GaN3>^^M90HO 

■<f*f i oo©p-GaNn>^? hM9(Dmammz 

[0 0 9 6] ±iB©#*ft I/— tfjR^ 100, 101C 
iJt^TH p-GaN3>^?h!9, 9 0 *>J;i^'n - 
GaNa>^^7 Ml 4©^H(C7. S 7-f :/l*©lHiSB*3 J: 

fifctB -3 TJE^Jc $ nt «fc lr». 

[0 0 9 7]#J*.H p-GaNn^J h«i5«tcXn 
-GaN3>37^ h«©Sffi(C*3^T. tfSI 
f 1 0 0<O«t5C*fi»fi*iait¥fTtt*|6]lC©^«^. 

CC^X h5K;/tt©IH]f$:fcJ;^M£flMU 2^ 

[0 0 9 8] 0 5~07tt, *%.W\Z%Z>¥m-fcV— 9-* 
*^©Sjfi^^©te©#iJ^*T^^;W^X.ifi»fffl0-C ! * 
5. 

[0 0 9 9] *f, 0 5 (a) {C^-Tct^d, JfS^l 
0 0~1 7 0 (imTSSS i K-^Cn-GaNSfi2 
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1±C. S i h'-^CD I no. l G ao. 9 Nfr<btz2>mZ 
0. 1 u m<D n — I nGaN^ry? K?lhll 2 2 , Si 
K-^OA 1 o. 07 G a 0. 93N;&>6&3/53 1 y mCDn - 
A I GaNi?7y H12 3, MQW^12 4, MgH 
— ycDA 1 o. 07 G a 0. 93Nrt> p - A 1 GaN?7 

y HI 2 5*WMg K-y©G aNA^^£5S$ 0. 
0 5/imOp-GaN3>^i7 Ml 2 6 £IH(c:j£;fi$-tf 
5. ^©i5^I2 2~2 6lt WiliMOCVDft 
(W*^«fl:*W«ffifiltfii5fe) (CctDpgftS-ti^o 

[0100] ft*5, MQWfgftJI 2411 03 ( f ) CD 
tfiHTl 0 OCDMQW^ftB 7 £|S]«CD«Sjg 

[0 10 1] tt^T. 05 (b) \Z*-f£olZ. p-G 
aN3>^?hl2 6«^p-AIGaN?77h'12 
5STO-gR®«SrS^tt-r^->X^5 L >yffi (R I E 

m sfctaRjstt-r t>h-Ai7f>^ m (ribe 

1£) \Z&r>X.y ttHZ^D. p-GaN3 
Ml 2 6*3<fctKp-A lGaN^77KI2 5A» 

[0 10 2] iUT, 0 6 (c) K*-*\fc3K:. U'r/ 
g&CDMffiiJB, P-A 1 GaNj7y FJ12 5 CD¥£gB± 
ICS i 0 2 «ft>&tt«ttMtl 

[0103] 3 B6 (d) IC^t" J; ? tC> Uyy 

gCC0p-GaNn>^i7 h«2 6±('N i li^&Sp 
*ffil 0*#J«-r*. 

[0 10 4] ^^T> 0 7 (e) tC^f £o\Z. n-G 
aNSfi2 lco^^fiSiS^fflJroffl (SB) & 
^ 0 tfm«±©W«fflTW*T*. -tnir-tO, n- 
GaNH2 lCDSBd, 2*7cWtlB5(l*«fc^««»C 
*fliJtto«enia«*«I:tXia«B*»j«-r-&. HCDJ;5fr, 
*0iJlriD^Ttt. WmiZ&K) n-GaNli2 10gl 

[0105] iti:. 07 (f) iZTfi-txuz. mam 

tt«|iiUcn-GaNM2 1 CDSBICiJt^T, IHJift 
rtfc«fctttlW±£*ffi-f *J:-5I;:a 1 ftisitfT i 
■Clll/Tnifl 1SMTS. 

[0 10 6] ±!!3©*j£K«t0f^»Snfc¥i»ffP— tf 
#f 10 2C*nm «WWfM*t5n-G 
aNS«2 lJilCnttffil l^Sfti. Z.(Dtclt>. 
W-iBttmm&GTZ n - G a NSfi±(c ri ttSft<jgj££ 
nSiS^CJt^T. nlilltn-GaNlS2 1i: 

ttl'— tf^l 0 2fr*3^T«, n-GaN=l>^^h 

i4inin i iKDmm&m.<D&m^m^z\t^s\ 

[0 1 0 7] <ft\Z. ZWm&lZ&^Tte. n-GaNl 

<Dmmmm\ZlS^T*-S. y ^#ttCD£Mfc^£i;-f . n 
-GaNlS2 linMl 1 tCDlBTJftffJCc*— S s/ 



2(C*5V^Ttt, n-GaNli2 1 C:felr»TJMIffclSft 
Ifi^ITfliitfel;, n-GaNl«2 1 i5«ttXn 
til lRIKfclrvrJUf?fc*-5y 

[0108] ^±co=t^ic» ±teco¥«ftP-+i-**Ti 

0 2fCl3^Ttt, n-GaNS«2 lOSffi^GOfilt 
<h-f fed; 0, n*m 1 i©«M«fit£<B;»LT 

tFjff^l 0 2l:^^TH *^©»fP^rK*S 

[0 10 9] :^T?. n-GaNl|2 1 ©^BCDIMA 

/^TfciK C1CD«£\ &B3&:fc«fctfd]i8l5c9i|i 

n-GaNl«2 1 icO«Mffi«COliJD&0^±-C&[H] 
[0 110] *&, n-GaN*S2 HC»ricSn*IH] 

[0 111] ±B3CO*«#:k— Ifff 1 0 2iCt5^T 

«. n-GaNS«2 i©«ffi©*»conia»tt&»j*-r 

i^t^HTKWUfc^ p-GaN3>?^M2 
6©«ffllC^?,tC[H]di^ttSr^L-T ; fc ! i;^„ ilCD* 
£\ ptil Otp-GaNay^J M2 6£CQ&8$ 

[0 112] &*3. ±|3^*t>Ttt, WSlCiDn-G 

iiLfc^ ¥mi*u- vmiri o oco«^coj;3c 

Iyf>yCk0n-GaNSfl(2 1 CD^BCIHCifl^ 
fc^JcLTfeJ;^. ZHD&oiZlLyT-yyiZ&QWaM 
W.&Ml$.-1r Zm&lZ&^Tit. n-GaNSS2 IfflS 

[0113] *m<D&oizmmiz&K)waj&Vi$: 
■t^m^izit^x^^izmam^mi&t^ z. t^m 

[0 114] iCT, n-GaNl«2 1 ©SBC ISO 

fio oo«t5tiieari6fiH©*ffik:iHio»*«r»dc-r 

*«£K*5HTtt, W*KJ:0IHIia»«t»j«-r -Si. 

[01 15] ±tB©¥«* U— tf 100, 101, 

1 0 #*©*J*K±flHtClfi€ana%>OTf 
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te&<, AK Ga, In. Bi5<fctfT 1 <Z>^&< <t fc 
[0 116] ±B£*^Ttt, U 

[si] *^w\z%%¥mwv-^m^v>m^m<Dm 

**T«a«fcxg»iiHT*s. 

[0 3] *«Wtc«*^*«:U-lf*^(Z)»iS*SO« 
**T«a«fcXg«iii0T»a. 

[04] if%m\z^^m^u-^m^(D{&(Dm^'t 

[0 5] **Wfc«*¥»#U-lf*^C!)«ja^tt<0«l 
<&M&^T«*ttfcXgWffiHT»*. 
[0 6] *5BWK***»#U--!f* : P©«ia*ffi©«l 



[0 7] *KWlC«4¥**u--tfj)S^<D«ig*ft©ffli 

[0 8] a*o*»#u--»f*T©flf!*sr«!awa:»f 
i ^yy^rmm 

7>F-yGaNI 
n-GaN3>?// hjf 

2 2 n-InGaN^?y^l»Jkl 
n-A 1 GaN^y K» 
MQW^I 

p-A 1 K« 



2 
3 
4 
5 
6, 
7 , 
8, 
9, 
1 0 
1 1 



2 3 
2 4 
2 5 
2 6 
Pi 
ni 



1 2 «g#K 

2 1 n-GaNlS 

10 0, 10 1, 10 2 
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[08] 
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